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To provide a resistance change nonvolatile memory device
performing a stable switching operation at a low cost. The
resistance change nonvolatile memory device has a first wir-
ing, an interlayer insulating layer formed thereon, a second
wiring formed thereon, and a resistance change element
formed between the first wiring and the second wiring. The
interlayer insulating layer between the first wiring and the
second wiring has a hole having a width not greater than that
of'the first wiring. The resistance change element is in contact
with the first wiring and has a lower electrode at the bottom of
the hole, a resistance change layer thereon, and an upper
electrode thereon. They are formed inside the hole. The first
wiring contains copper and the lower electrode contains at
least one metal selected from the group consisting of ruthe-
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1
RESISTANCE CHANGE NONVOLATILE
MEMORY DEVICE, SEMICONDUCTOR
DEVICE, AND METHOD OF
MANUFACTURING RESISTANCE CHANGE
NONVOLATILE MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2011-
200500 filed on Sep. 14, 2011 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND

The present invention relates to a resistance change non-
volatile memory device, a semiconductor device, and a
method of manufacturing a resistance change nonvolatile
memory device.

Innonvolatile memory fields, there has been much research
on flash memories, ferroelectric memories (Ferroelectric
Random Access Memory: FeRAM), magnetic memories
(Magnetic Random Access Memory: MRAM), OUM
(Ovonic Unified Memory) and the like. As nonvolatile memo-
ries different from these related-art ones, however, resistance
change memories (Resistance Random Access Memory:
ReRAM) have recently been proposed. For example, the
resistance change memory described in Non-patent Docu-
ment 1 can write data by setting the resistance of the resis-
tance change layer of a memory cell by application of a
voltage pulse. In addition, it can read data by measuring
resistance in a non-destructive manner. This resistance
change memory can be multivalued because memory cells
have a small area. Therefore, it has a possibility exceeding the
existing nonvolatile memories. In Non-patent Document 1,
PCMO (Pr, ,Ca, sMNO;) and YBCC (YBa,Cu;0,) are used
as the resistance change layer. Another proposal has been
made for a resistance change memory. For example, the resis-
tance change memory described in Non-patent Document 2
uses a polycrystalline NiO, (x=from 1 to 1.5) film of about 50
nm thick as the resistance change layer. Switching to a low
resistance state or to a high resistance state is achieved by
applying a positive voltage to the upper electrode. The resis-
tance change memory described in Non-patent Document 3
uses a microcrystalline TiO, film of 80 nm thick as the resis-
tance change layer.

In general, a memory cell of a resistance change memory is
equipped with a control transistor and a resistance change
element. The resistance change memory having such a
memory cell is also called “1T1R type”. FIG. 1 is a plan view
showing the configuration of a related-art 1T1R type resis-
tance change memory. A 1TIR type resistance change
memory 190 is equipped with a plurality of word lines (or
gates) 122, a plurality of bit lines (or second wirings) 106, a
plurality of common lines 108, and a plurality of memory
cells MC. The word lines (or gates) 122 extend in the direc-
tion Y. The bit lines (or second wirings) 106 extend in the
direction X. The common lines 108 extend in the direction Y.
The memory cells MC are provided, respectively, at positions
corresponding to the intersections between the word lines 122
and the bit lines 106.

FIG. 2 is a cross-sectional view showing the configuration
of'the a-a' cross-section in FIG. 1. It shows the configuration
of one memory cell MC. The memory cell MC is equipped
with a control transistor 102 and a resistance change element
101. A semiconductor substrate 170 has thereon an element
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isolation region 171 and a control transistor 102. The control
transistor 102 is equipped with a gate insulating film 123, a
gate 122 (word line), a drain 121, a source 124, and a sidewall
125. Contacts 104 are coupled to the drain 121 and the source
124, respectively. The control transistor 102 and the contacts
104 are covered with a first interlayer insulating film 151 and
a first cap insulating film 161. The contact 104 on the side of
the drain 121 is coupled to a first wiring 103 composed of a
barrier metal 132 and a copper (Cu) 131 via an opening
portion of the first cap insulating film 161. The first wiring
103 is covered with a second interlayer insulating film 152
and a second cap insulating film 162. The resistance change
element 101 of the resistance change memory is coupled to
the first wiring 103 via an opening portion of the second cap
insulating film 162. The resistance change element 101 has an
MIM (Metal/Insulator/Metal) structure composed of a lower
electrode 113 to be coupled to the first wiring 103, a resistance
change layer 112 on the lower electrode 113, and an upper
electrode 111 on the resistance change layer 112. The upper
electrode 111 is coupled to a first via 105 composed of a
barrier metal 135 and copper (Cu) 134 and the second wiring
106 (bit line). The contact 104 on the side of the source 124 is
coupled to the common line 108 via an opening portion of the
first cap insulating film 161. The resistance change element
101 is covered with a third interlayer insulating film 153 and
a third cap insulating film 163. The second wiring 106 is
provided on the third cap insulating film 163. As shown in
FIG. 2, in the related-art structure, the resistance change
element 101 is formed between wiring layers (here, between
the wiring layer of the first wiring 103 and the wiring layer of
the second wiring 106). In this case, the resistance change
element 101 has an MIM capacitor structure isolated from the
resistance change element 101 of an adjacent memory cell
MC. The resistance change element 101 can be considered to
have a (parasitic) capacitance.

A method of operating the related-art structure will next be
described. First, initialization is conducted in the following
manner. A positive voltage is applied to the upper electrode
111 via the second wiring 106 to reduce the resistance of the
resistance change layer 112 (Forming). At this time, the volt-
age to be applied to the gate 122 is adjusted so as to impose a
current limitation by a saturated current value of the control
transistor 102. As a result, the resistance change layer 112 has
a desired resistance value. Incidentally, Forming may be con-
ducted by applying a positive voltage to the lower electrode
113 instead of applying it to the upper electrode 111.

Write operation is conducted in the following manner. For
switching from a low resistance state to a high resistance
state, a positive voltage is applied to the source 124 and the
gate 122. For switching from a high resistance state to a low
resistance state, a positive voltage is applied to the upper
electrode 111 and the gate 122. At this time, a voltage higher
than that applied upon switching to a high resistance state is
applied to the common line 108. In addition, a voltage to be
applied to the gate 122 is adjusted so as to impose a current
limitation by a saturated current value of the control transistor
102. As a result, the resistance change layer 112 has a desired
resistance value. Switching operation from a high resistance
state to a low resistance state or switching operation from a
low resistance state to a high resistance state can also be made
by applying a positive voltage to the upper electrode 111
instead of the source 124.

As a related technology, Japanese Patent Laid-Open No.
2009-117668 discloses a variable resistor for nonvolatile
memory, a manufacturing method thereof, and a nonvolatile
memory. A variable resistor for nonvolatile memory accord-
ing to this document is equipped with an interlayer insulating
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film, a lower electrode, a variable resistance layer, an upper
electrode, and a second-level wiring layer. The interlayer
insulating film is provided on the first-level wiring layer and
has a through-hole to be coupled to the first-level wiring layer.
The lower electrode is provided in the through-hole and
coupled to the first-level wiring layer. The variable resistance
layer is provided on the lower electrode in the through-hole.
The upper electrode is provided on the variable resistance
layer in the through-hole. The second-level wiring layer is
provided on the interlayer insulating film and coupled to the
upper electrode. Another variable resistor for nonvolatile
memory according to this document is equipped with a vari-
able resistance layer, an interlayer insulating film, and a plug
metal. The variable resistance layer is provided on the surface
of'the first-level wiring layer. The interlayer insulating film is
provided on the first-level wiring layer. The plug metal is
provided in the interlayer insulating film and coupled to the
variable resistance layer.

Japanese Patent Laid-Open No. 2010-027753 discloses a
nonvolatile memory element and a manufacturing method
thereof. This nonvolatile memory element is equipped with a
first electrode, an interlayer insulating film, an opening por-
tion, a resistance change film, and a second electrode. The
first electrode is formed on a substrate. The interlayer insu-
lating film is formed on the first electrode. The opening por-
tion penetrates through the interlayer insulating film. The
resistance change film is formed at least on the bottom portion
of the opening portion and coupled to the first electrode. The
second electrode is formed adjacent to the resistance change
film and at the same time, buried in the opening portion. The
resistance change film interposed between the first electrode
and the second electrode configures a memory portion char-
acterized in that it undergoes an increase or decrease in resis-
tance by application of an electric pulse. Data is stored or
read, depending on a change in the resistance value. This
means that the first electrode also serves as a first wiring. An
opening portion is formed on the first electrode. The opening
portion has, on the bottom portion and inner wall thereof, the
resistance change layer. The second electrode is formed on
the inner side of the resistance change layer.

Japanese Patent Laid-Open No. 2009-295842 discloses a
semiconductor memory device and a manufacturing method
thereof. This semiconductor memory device is equipped with
an interlayer insulating film, a conductive pattern, a lower
electrode, a transition metal oxide film, and an upper elec-
trode. The interlayer insulating film is formed above the sub-
strate and has a trench. The conductive pattern is buried in the
interlayer insulating film surrounded with a trench. The lower
electrode is formed at least on the conductive pattern and the
side wall of the trench. The transition metal oxide film is
formed on the lower electrode. The upper electrode is formed
on the transition metal oxide film on at least a portion of the
conductive pattern and the side wall of the trench.

Japanese Patent Laid-Open No. 2006-128680 discloses
selective formation of a metal layer in an integrated circuit.
This method for selectively forming a conductive layer in an
integrated circuit includes a step of providing a first surface
composed of copper and a second surface and a step of bring-
ing the first surface and the second surface into contact with a
gas phase compound of a noble metal to electively form the
conductive layer made of the noble metal on the first surface
compared with the second surface.

[Patent Document 1]

Japanese Patent Laid-Open No. 2009-117668
[Patent Document 2]

Japanese Patent Laid-Open No. 2010-027753
[Patent Document 3]
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Japanese Patent Laid-Open No. 2009-295842
[Patent Document 4]

Japanese Patent Laid-Open No. 2006-128680
[Non-patent Document 1]

W. W. Zhuang et al., “Novel Colossal Magnetoresistive
Thin Film Nonvolatile Resistance Random Access Memory
(RRAM)”, IEDM, Article No. 7.5, pp.193-196, 2002.
[Non-patent Document 2]

G.-S. Park et al., “Observation of electric-field induced Ni
filament channels in polycrystalline NiO, film”, APL,, Vol. 91,
pp. 222103, 2007.

[Non-patent Document 3]

C. Yoshida et al., “High speed resistive switching in
Pt/TiO,/TiN film for nonvolatile memory application”, APL,
Vol. 91, pp. 223510, 2007.

[Non-patent Document 4]

J. F. Gibbons et al., “Switching properties of thin NiO
Films”, Solid State Electronics, vol. 7, pp.785, 1964.
[Non-patent Document 5]

K. Kinoshita et al., “Bias polarity dependent data retention
of resistive random access memory consisting of binary tran-
sition metal oxide”, APL, vol. 89, pp. 103509, 2006.

SUMMARY

The resistance change element of a resistance change
memory having a related-art structure has the following prob-
lems due to damage done to the side wall portion upon pro-
cessing of an MIM structure.

FIGS. 3A and 3B describe the switching principle of a
resistance change memory (Non-patent Document 4, Non-
patent Document 5). As shown in FIG. 3A, the resistance
change element of the resistance change memory is equipped
with an upper electrode 111 (example: a metal), a resistance
change layer 112 (example: a transition metal oxide), and a
lower electrode 113 (example: a metal). As shown in FIG. 3B,
when a voltage is applied to the upper electrode 111 to reduce
the resistance (Forming) of the resistance change element, a
current path 114 is formed in the resistance change layer 112.
When a voltage is applied to between the upper electrode 111
and the lower electrode 113 while having this current path
114, an oxidation-reduction reaction occurs in the current
path 114, which causes a change in the resistance value of the
current path 114.

FIG. 4 shows the problem of the resistance change
memory. A change in the resistance value of the current path
114 of the resistance change element is presumed to occur by
oxidation-reduction in the current path 114 in the vicinity of
the interface with the upper/lower electrode. As shown in
FIG. 4, however, the number of current paths actually formed
per resistance change element is not one but current paths
including an incomplete current path 116 are formed at vari-
ous places in the resistance change layer 112. In particular, a
current path 115 is easily formed on a side portion 117 suf-
fering etching damage. When in switching operation after
resistance reduction (Forming), electricity is conducted
through the incomplete current path 116 or through the cur-
rent path 115 in the vicinity of the damaged side portion 117,
a resistance value decreases drastically, becoming a cause of
malfunction. In particular, the switching characteristic of the
current path 115 in the vicinity of the damaged side portion
117 is different from the switching characteristic of the cur-
rent path 114 in the vicinity of the electrode center not suf-
fering damage. This leads to variations in the performance of
the resistance change element or drastic deterioration in reli-
ability.
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Thus, variations in the performance of a resistance change
element or drastic deterioration in reliability occurs due to the
film quality of the resistance change layer or the positional
relationship between the effective region of the resistance
change layer and the end portion of the resistance change
layer.

As shown in FIGS. 1 and 2, a plurality of memory cells MC
is coupled to one bit line 106. For speed-up, decreasing the
area of the memory cells MC to reduce a parasitic capacitance
is necessary. Since the memory cells MC each have an iso-
lated MIM structure, however, patterning of MC with a
reduced area is difficult. Even in consideration of a misalign-
ment allowance with the opening portion of the second cap
insulating film 162, it is difficult to achieve reduction in
capacitance by decreasing the area of the resistance change
element 101.

In addition, in the related-art structure, wiring layers (here,
the first wiring 103 and the second wiring 106) have therebe-
tween the resistance change element 101 having an MIM
structure and the via 105 for coupling the upper electrode 111
and the second wiring 106. When the thickness between these
wiring layers becomes small due to scaling, it becomes diffi-
cult to form the resistance change element 101. Moreover, for
mounting the element having the related-art structure to a
logic LSI, at least twice PR steps (pattering of the opening of
the second cap insulating film 162 and MIM structure) should
be added, making it difficult to decrease a manufacturing cost.

In Japanese Patent Laid-Open No. 2009-117668 (Patent
Document 1), the variable resistor has, inside the through-
hole, a lower electrode in the lower portion thereof, the resis-
tance change layer on the surface of the lower electrode, and
the upper electrode on the surface of the resistance change
layer. The resistance change layer is med, for example, by
oxidizing the surface of the lower electrode (FIGS. 10 to 12,
14 and 15 of Patent Document 1). In Example using this
method, the cross-section of the through-hole is equal to the
cross-section of the resistance change layer, the upper elec-
trode, and the lower electrode. This means that in a cross-
section parallel to the substrate, the effective region of the
resistance change element extends to the end portion of the
resistance change layer. There is therefore a fear of variations
in characteristics due to this end portion (the problem pointed
out in FIG. 4). Moreover, the lower electrode and the resis-
tance change layer are inevitably composed of the same metal
component. In another method, the resistance change layer
made of a film different from that of the lower electrode is
formed on the surface of the lower electrode (FIG. 13 of
Patent Document 1). In Example using this method, the end
portion of the cross-section of the resistance change layer
parallel to the substrate is distant from the effective region of
the resistance change element. Variations in characteristics
due to the end portion are therefore small. However, the
resistance change layer is inserted between the second-level
wiring layer and the interlayer insulating film so that a
decrease in the thickness of the wiring layer as a result of
scaling may make it difficult to form the second-level wiring
layer. Ina further method, the resistance change layer made of
a film different from that of the lower electrode is formed on
the surface of the lower electrode and the barrier layer (FIG.
16 of Patent Document 1). In Example using this method, the
end portion of the resistance change layer is distant from the
effective region of the resistance change element. Variations
in characteristics due to the end portion are therefore small.
However, parasitic capacitance is generated among the upper
electrode, the resistance change layer, and the barrier layer,
which poses a problem.
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In the nonvolatile memory element disclosed in Japanese
Patent Laid-Open No. 2010-027753 (Patent Document 2),
only the resistance change layer and the second electrode
(upper electrode) are provided inside the opening portion and
the first electrode (lower electrode) is provided outside the
opening portion. The first electrode also serves as a first
wiring so that the material used for the first electrode (=first
wiring) is limited. When a material having properties opti-
mum for the resistance change element is used as a material
for the first wiring (=first electrode), a wiring formation pro-
cess different from the related-art one should be employed. A
manufacturing process therefore needs to be reviewed, which
may lead to an increase in the manufacturing cost.

Inthe semiconductor memory device disclosed in Japanese
Patent Laid-Open No. 2009-29584 (Patent Document 3), an
MIM structure is formed separately from a through-hole or a
via or wiring in an opening so that the height corresponding to
the MIM structure cannot be decreased. A decrease in the
thickness between wiring layers as a result of scaling there-
fore makes it difficult to form the MIM structure. In addition,
scaling cannot be conducted also from the standpoint of the
necessity of a dummy trench in this device.

A means for overcoming the above problems will herein-
after be described using a number or symbol used in the mode
for carrying out the invention. These numbers or symbols are
shown in parentheses to clarify the corresponding relation-
ship between the description in the claims and the mode for
carrying out the invention. These numbers or symbols should
not be used for construing the technical scope of the invention
described in the claims.

A resistance change nonvolatile memory device according
to the invention is equipped with a first wiring (3), an inter-
layer insulating film (53), a second wiring (6), and a resis-
tance change element (1, 1a). The interlayer insulating film
(53) is formed on the first wiring (3). The second wiring is
formed on the interlayer insulating film (53). The resistance
change element (1, 1a) is formed between the first wiring (3)
and the second wiring (6). The interlayer insulating film (53)
is interposed between the first wiring (3) and the second
wiring (6) and has a hole (9) having a width not greater than
the width of the first wiring (3). The resistance change ele-
ment (1, 1a) is equipped with a lower electrode (13, 13a), a
resistance change layer (12, 12a) and an upper electrode (11,
11a). The lower electrode (13, 13a) is formed on the bottom
portion of the hole (9) while being brought into contact with
the first wiring (3). The resistance change layer (12, 12q) is
formed on the lower electrode (13, 13a). The upper electrode
(11, 11a) is formed on the resistance change layer (12, 12a).
The lower electrode (13, 13a), the resistance change layer
(12, 12a) and the upper electrode (11, 11a) are formed inside
the hole (9). The first wiring (3) contains copper, while the
lower electrode (13, 13a) contains at least one metal selected
from the group constituting of ruthenium, tungsten, cobalt,
platinum, gold, rhodium, iridium, and palladium.

Another resistance change nonvolatile memory device
according to the invention is equipped with a first wiring (3),
en interlayer insulating film (53), a second wiring (6), and a
resistance change element (1, 1a). The interlayer insulating
film (53) is formed on the first wiring (3). The second wiring
(6) is formed on the interlayer insulating film (53). The resis-
tance change element (1, 1a) is formed between the first
wiring (3) and the second wiring (6). The interlayer insulating
film (53) is inserted between the first wiring (3) and the
second wiring (6) and has a hole (9) having a width not greater
than the width of the first wiring (3). The resistance change
element (1, 1a) is equipped with a lower electrode (13, 13a),
a resistance change layer (12, 12a), and an upper electrode
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(11, 11a). The lower electrode (13, 13q) is formed on the
bottom portion of the hole (9) while being brought into con-
tact with the first wiring (3). The resistance change layer (12,
12a) is formed on the lower electrode (13, 13a). The upper
electrode (11, 11a) is formed on the resistance change layer
(12, 12a). The lower electrode (13, 13a), the resistance
change layer (12, 12a), and the upper electrode (11, 11qa) are
formed inside the hole (9). The end portions of the resistance
change layer (12, 12a) and the upper electrode (13,134a) are in
contact with the bottom surface of the second wiring (6).

A semiconductor device according to the invention is
equipped with a plurality of resistance change nonvolatile
memory devices (90/90a) and a logic circuit (91) using the
resistance change nonvolatile memory devices (90/90a). The
resistance change nonvolatile memory devices (90/90a) are
those described in the above paragraph.

A method of manufacturing a resistance change nonvola-
tile memory device according to the invention has a step of
forming, in an interlayer insulating film (53) formed on a first
wiring (3), a hole (9) having a width not greater than the width
of the first wiring (3), a step of forming a resistance change
element (1, 1a) inside the hole (9), and a step of forming a
second wiring (6) on the resistance change element (1, 1a) so
as to bring the second wiring into contact with the resistance
change element (1, 1a). The step of forming the resistance
change element (1, 1a) has a step of forming a lower electrode
(13, 13a) on the bottom portion of the hole (9) while bringing
the lower electrode into contact with the first wiring (3), a step
of forming a first film for a resistance change layer (12, 12a)
on the lower electrode (13, 13a), a step of forming a second
film for an upper electrode (11, 11a) on the first film, and
removing the first film and the second film on the interlayer
insulating film (53). The first wiring (3) contains copper and
the lower electrode (13, 13a) contains at least one metal
selected from the group consisting of ruthenium, tungsten,
cobalt, platinum, gold, rhodium, iridium, and palladium.

Another method of manufacturing a resistance change
nonvolatile memory device according to the invention has a
step of forming, an interlayer insulating film (53) formed on
afirst wiring (3), a hole (9) having a width not greater than the
width of the first wiring (3), a step of forming a resistance
change element (1, 1a) inside the hole (9), and a step of
forming a second wiring (6) on the resistance change element
(1, 1a) so as to bring the second wiring into contact with the
resistance change element (1, 1a). The step of forming the
resistance change element (1, 1a) has a step of forming a
lower electrode (13, 13a) on the bottom portion of the hole (9)
while bringing the lower electrode into contact with the first
wiring (3), a step of forming a first film for a resistance change
layer (12, 12a) on the lower electrode (13, 13a), a step of
forming a second film for an upper electrode (11, 11a) on the
first film, and removing the first film and the second film on
the interlayer insulating film (53). The resistance change
layer (12, 12a) and the upper electrode (11, 11a) are brought
into contact with the bottom surface of the second wiring (6).

The invention makes it possible to conduct a stable switch-
ing operation at a low cost. In addition, according to the
invention, the device can be operated at an improved opera-
tion rate. Moreover, according to the invention, problems
which will otherwise occur due to device scaling can be
avoided. Furthermore, the invention enables mounting with a
logic LSI and therefore contributes to a reduction in manu-
facturing cost.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a plan view showing the configuration of a
related-art 1TIR type resistance change memory;
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FIG. 2 is a cross-sectional view showing the configuration
of the a-a' cross-section in FIG. 1;

FIG. 3A describes the switching principle of a resistance
change memory;

FIG. 3B describes the switching principle of a resistance
change memory;

FIG. 4 shows the problem of a resistance change memory;
FIG. 5 is a cross-sectional view showing the configuration of
the major portion of a resistance change nonvolatile memory
device according to a first embodiment of the invention;

FIG. 6 is a cross-sectional view showing the configuration
of the resistance change element after resistance reduction
(Forming);

FIG. 7A is a cross-sectional view showing a method of
manufacturing the resistance change nonvolatile memory
device according to the first embodiment of the invention;

FIG. 7B is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the first embodiment of the invention;

FIG. 7C is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the first embodiment of the invention;

FIG. 7D is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the first embodiment of the invention;

FIG. 7E is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the first embodiment of the invention;

FIG. 7F is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the first embodiment of the invention;

FIG. 7G is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the first embodiment of the invention;

FIG. 7H is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the first embodiment of the invention;

FIG. 71 is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the first embodiment of the invention;

FIG. 8 is a plan view showing the configuration of a semi-
conductor device according to a second embodiment of the
invention;

FIG. 9A is a cross-sectional view showing the configura-
tion of a region of a resistance change nonvolatile memory
device in the semiconductor device according to the second
embodiment of the invention;

FIG. 9B is a cross-sectional view showing the cant gu
ration of a logic LSI region in the semiconductor device
according to the second embodiment of the invention;

FIG. 10A is a cross-sectional view showing a method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG. 10B is a cross-sectional view showing a method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG. 11A is a cross-sectional view showing the method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG. 11B is a cross-sectional view showing the method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG. 12A is a cross-sectional view showing the method of
manufacturing the semiconductor device according to the
second embodiment of the invention;
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FIG. 12B is a cross-sectional view showing the method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG. 13A is a cross-sectional view showing the method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG. 13B is a cross-sectional view showing the method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG. 14A is a cross-sectional view showing the method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG. 14B is a cross-sectional view showing the method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG. 15A is a cross-sectional view showing the method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG. 15B is a cross-sectional view showing the method of
manufacturing the semiconductor device according to the
second embodiment of the invention;

FIG.16is a cross-sectional view showing the configuration
of the major portion of a resistance change nonvolatile
memory device according to a third embodiment of the inven-
tion;

FIG. 17A is a cross-sectional view showing a method of
manufacturing the resistance change nonvolatile memory
device according to the third embodiment of the invention;

FIG. 17B is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the third embodiment of the invention;

FIG. 17C is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the third embodiment of the invention;

FIG. 17D is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the third embodiment of the invention;

FIG. 17E is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the third embodiment of the invention;
and

FIG. 17F is a cross-sectional view showing the method of
manufacturing the resistance change nonvolatile memory
device according to the third embodiment of the invention.

DETAILED DESCRIPTION

Embodiments of the resistance change nonvolatile
memory device, the semiconductor device, and the method of
manufacturing a resistance change nonvolatile memory
device will next be described referring to accompanying
drawings.

(First Embodiment) The configuration of the resistance
change nonvolatile memory device according to the first
embodiment of the invention will next be described referring
to accompanying drawings. FIG. 5 is a cross-sectional view
showing the configuration of the major portion of the resis-
tance change nonvolatile memory device according to the first
embodiment of the invention. A resistance change nonvolatile
memory device 90 is equipped with a substrate 704, a first cap
insulating film 61, a first wiring 3, a second interlayer insu-
lating film 52, a second cap insulating film 62, a resistance
change element 1, a third interlayer insulating film 53, a third
cap insulating film 63, a second wiring 6, and a fourth inter-
layer insulating film 54.

The first wiring 3 is provided on the substrate 70a. The first
wiring 3 has, for example, a first metal wiring 31 and a barrier
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metal layer 32 covering the side surface and bottom surface of
the first metal wiring. The substrate 70a is however equipped
with a semiconductor substrate having an element formed in
the surface region thereof and a first interlayer insulating film
and a first cap insulating film 61 covering the semiconductor
substrate. The first interlayer insulating film and the first cap
insulating film 61 may be called a first interlayer insulating
layer. The first wiring 3 is therefore provided on the first
interlayer insulating layer. The first wiring 3 is buried in the
interlayer insulating film 52 and covered with the second cap
insulating film 62. The second interlayer insulating film 52
and the second cap insulating film 62 may also be called a
second interlayer insulating layer. The first wiring 3 is there-
fore buried in the second interlayer insulating layer.

The third interlayer insulating film 53 is provided on the
second interlayer insulating layer. The third interlayer insu-
lating film 53 has a hole 9 therein. The hole 9 is provided so
as to penetrate through the third interlayer insulating film 53
while being interposed between the first wiring 3 and the
second wiring 6. The bottom surface of the hole 9 is in contact
with the upper surface of the first wiring 3 and does not
protrude from the upper surface. When the hole 9 has a
circular transverse section (section parallel to the surface of
the substrate 70q), the transverse section has a diameter not
greater than the wiring width of the first wiring 3. The trans-
verse section of the hole 9 may have another shape insofar as
the bottom surface of the hole 9 does not protrude from the
upper surface of the first wiring 3. In this case, the width of the
hole 9 (in a direction parallel to the surface of the substrate
70a) is not greater than the wiring width of the first wiring 3.
The third cap insulating film 63 is provided on the third
interlayer insulating film 53. The third interlayer insulating
film 53 and the third cap insulating film 63 may also be called
a third interlayer insulating layer.

The resistance change element 1 stores data by utilizing a
change in the resistance value. It is provided in the hole 9
formed between the first wiring 3 and the second wiring 6.
The resistance change element 1 is equipped with a lower
electrode 13, a resistance change layer 12, and an upper
electrode 11.

The lower electrode 13 is formed only on the bottom por-
tion of the hole 9. The end portion of it is in contact with the
side wall in the vicinity of the bottom portion of the hole 9.
The lower electrode 13 is made of a metal conductor. The
lower electrode 13 is formed on the first wiring 3 (first metal
wiring 31) in the opening portion of the second interlayer
insulating layer preferably by selective growth, because the
lower electrode 13 can be formed only in the hole 9 without
using an additional process. The method of forming the lower
electrode will be described later.

The resistance change layer 12 is formed on the lower
electrode 13 and on the side wall ofthe hole 9. The end portion
of'it reaches the upper portion of the hole 9. The end portion
of it is preferably in contact with the bottom surface of the
second wiring 6. This makes it possible to fully separate the
end portion of the resistance change layer 12 from the end
portion of the lower electrode 13. As a result, as described
later, the resistance change element 1 can be prevented from
being affected by the end portion of the resistance change
layer 12. The resistance change layer 12 may contain an oxide
of a metal material different from that of the lower electrode
13.

The upper electrode 11 is formed so as to cover the inner
surface of the resistance change layer 12. The end portion of
it reaches the upper portion of the hole 9. The end portion of
it is preferably in contact with the bottom surface of the
second wiring 6, because if so, there is no necessity of addi-
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tionally forming a via or contact for coupling the resistance
change element 1 and the second wiring 6. The upper elec-
trode 11 is made of a metal conductor. The upper electrode 11
may be equipped with a buried layer (metal) 18 for burying a
region inside thereof.

The second wiring 6 is provided on the third interlayer
insulating film 53. The second wiring 6 has, for example, a
second metal wiring 37 and a barrier metal layer 38 covering
the second metal wiring on the side surface and the bottom
surface thereof. The second wiring 6 may be provided on the
third interlayer insulating layer. The second metal wiring 6 is
buried in the fourth interlayer insulating film 54.

The first metal wiring 31 is preferably a polycrystalline
film having, as a main component thereof, crystal grains of
(111) orientation with respect to a direction perpendicular to
the surface of the substrate. This means that the first metal
wiring 31 is a film having (111) orientation. It is used because
it facilitates selective growth of the lower electrode 13 as will
be described later. For example, when a copper (Cu) wiring
having (111) orientation is used as the first metal wiring 31,
for example, a ruthenium (Ru) film having (002) orientation
can be selectively grown as the lower electrode 13. Here, the
term “main component” means a component contained in the
largest amount.

The first metal wiring 31 may be made of copper (Cu),
aluminum (Al), or silicon (Si). When copper (Cu) or alumi-
num (Al) is used as the first metal wiring 31, a typical wiring
and via hole can be assumed as the first metal wiring 31 and
the hole 9, respectively. When silicon is used as the first metal
wiring 31, a source/drain and a contact hole can be assumed
as the first metal wiring 31 and the hole 9, respectively. In an
example of a manufacturing method which will be described
later, copper (Cu) having (111) orientation is used.

When the first metal wiring 31 is made of copper (Cu), the
lower electrode 13 contains, as a main component thereof,
preferably at least one metal selected from the group consist-
ing of ruthenium (Ru), tungsten (W), cobalt (Co), platinum
(Pt), gold (Au), rhodium (Rh), iridium (Ir) and palladium
(Pd), because these metals facilitate selective growth of the
lower electrode 13. Of these, ruthenium (Ru), tungsten (W),
cobalt (Co), and platinum (Pt) are particularly preferred as the
material of the lower electrode 13 of the resistance change
element 1. In an example of the manufacturing method
described later, the lower electrode 13 made of ruthenium
(Ru) having (002) orientation is used as a film excellent in
crystal conformation with the first metal wiring 31 made of
copper (Cu) having (111) orientation.

When the first metal wiring 31 is made of aluminum (Al),
the lower electrode 13 contains, as a main component, pref-
erably at least one metal selected from the group consisting of
tungsten (W), tantalum (Ta) and titanium (T1), because they
facilitate selective growth of the lower electrode 13.

When the first metal wiring 31 is made of silicon (Si), the
lower electrode 13 contains, as a main component, preferably
at least one metal selected from the group constituting of
tungsten (W), tantalum (Ta), and titanium (T1), because they
facilitate selective growth of the lower electrode 13.

The upper electrode may be made of, for example, titanium
(Th), titanium nitride (TiN), aluminum (Al), nickel (Ni), cop-
per (Cu), copper aluminum (CuAl), tantalum (Ta), tantalum
nitride (TaN), zirconium (Zr), hathium (Hf), molybdenum
(Mo), ruthenium (Ru), or platinum (Pt). It may be made of a
film stack of these materials. In the example of a manufac-
turing method described later, titanium nitride (TiN) is used.

The resistance change layer 12 is preferably a single layer
film or a film stack containing at least one of titanium oxide
(Ti0,), iron oxide (FeO), nickel oxide (NiO), zirconium
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oxide (ZrO,), copper oxide (CuO), hathium oxide (HfO,),
tantalum oxide (Ta,Os), and tungsten oxide (WO), and
nitrides or silicates thereof. In the example of a manufactur-
ing method described later, nickel oxide (NiO) is used.

Examples of the material of the first to fourth interlayer
insulating films 51 to 54 include silicon oxide (SiO,).
Examples of the material of the first to third cap insulating
films 61 to 63 include silicon nitride SiN,.

FIG. 6 is a cross-sectional view showing the configuration
of the resistance change element after resistance reduction
(Forming). It is an enlarged view of the resistance change
element 1. In the resistance change element 1, a region sand-
wiched between the lower electrode 13 and the upper elec-
trode 11 (an overlapped region of the lower electrode 13 and
the upper electrode 11) is an effective region A in the resis-
tance change layer 12. This effective region A is a region in
which a current path 14 may be formed. In the case of FIG. 6,
the upper electrode 11 and the lower electrode 13 overlap
each other only partially. More specifically, only a portion
11p of the upper electrode 11 overlaps with a portion 13p of
the lower electrode 13. This overlapped region is the effective
region A (from a1 to a2) in the resistance change layer12. As
shown in this drawing, this effective region A is present only
in a region at the bottom portion of the hole 9 (via hole or
contact hole) from which the periphery has been removed.
This means that the boundary a1 or a2 of the effective region
A is distant from the side wall of the hole 9, the end portion of
the lower electrode 13, the end portion of the resistance
change layer 12, and the end portion of the upper electrode 11.
The current path is therefore formed only in a region at the
bottom portion of the hole 9 except the periphery thereof.
Accordingly, the current path is free from the influence of'the
side wall of the hole 9, the end portion of the lower electrode
13, the end portion of the resistance change layer 12, or the
end portion of the upper electrode 11. In other words, the end
portion of the resistance change layer 12 lies almost on the
same surface with the surface on the upper side of the third
interlayer insulating film 53 and is not interposed between the
upper electrode 11 and the lower electrode 13. A current path
is therefore not formed at the damaged end portion 17 of the
resistance change layer 12. As a result, the resulting resis-
tance change memory has fewer variations and improved
reliability.

In the present embodiment, as described above, the upper
electrode 11 and the lower electrode 13 overlap only partially
(effective region A). This makes it possible to decrease the
capacitance of the resistance change element 1 having an
MIM structure compared with that of the related-art structure.
As a result, the parasitic capacitance of the bit line decreases
and speed-up of write operation and read operation can be
achieved.

In the present embodiment, as shown in FIG. 5, the resis-
tance change element 1 is buried in the hole 9 and the position
of the upper end of the upper electrode 11 is almost equal to
the position of the lower surface of the second wiring 6. It is
therefore unnecessary to form a new via or contact for cou-
pling to the upper electrode 11. Moreover, by using the resis-
tance change memory according to the present embodiment
as shown in FIG. 5, the problem due to the height of the MIM
structure upon scaling can be avoided.

Next, amethod of operating the resistance change nonvola-
tile memory device according to the first embodiment of the
invention will be described referring to FIG. 5. First, for
reducing a resistance (Forming), a positive voltage is applied
to the upper electrode 11 and the resistance of the resistance
change layer 12 is reduced (Forming). For resistance reduc-
tion (Forming), a positive voltage may be applied to the lower
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electrode 13 instead of the upper electrode 11. Next, a positive
voltage is applied to the upper electrode 11 upon switching
from a low resistance state to a high resistance state. In this
case, it is preferred to decrease the load resistance in advance
0 as to permit more current flow compared with the resis-
tance reduction (Forming). In switching from a high resis-
tance state to a low resistance state, on the other hand, a
positive voltage is applied to the upper electrode 11. In this
case, a voltage higher than that applied for switching to a high
resistance state is applied to the upper electrode 11. As in
resistance reduction (Forming), it is preferred to apply a load
resistance to the resistance change element 1 in advance to
prevent excessive flow of a current after the resistance reduc-
tion. Also in switching from a high resistance state to a low
resistance state, a positive voltage may be applied to the lower
electrode 13 instead of the upper electrode 11.

Next, a method of manufacturing the resistance change
nonvolatile memory device according to the first embodiment
of the invention will be described. FIGS. 7A to 71 are cross-
sectional views showing a method of manufacturing the resis-
tance change nonvolatile memory device according to the first
embodiment of the invention.

First, as shown in FIG. 7A, a substrate 70q is prepared. The
substrate 70a is equipped with an element formed in the
surface region of the semiconductor substrate and a first inter-
layer insulating film and a first cap insulating film 61 covering
it. Next, a second interlayer insulating film 52 is formed over
the substrate 70a. In the present embodiment, a silicon nitride
film (SiN, ) is used as the first cap insulating film 61 and a
silicon oxide film (Si0O,) is used as the first interlayer insu-
lating film and the second interlayer insulating film 52. They
are deposited by plasma CVD (Chemical Vapor Deposition).

Next, as shown in FIG. 7B, a PR (Photoresist) step and a
dry etching step are conducted to form a trench in the second
interlayer insulating film 52. Then, a film for barrier metal 32
and a film for first metal wiring 31 are formed. In the present
embodiment, tantalum nitride (TaN) film is used as the film
for barrier metal 32 and copper (Cu) is used as the film for first
metal wiring 31. The tantalum nitride film (TaN) is deposited
by sputtering. Copper (Cu) is deposited by sputtering or plat-
ing. Then, a CMP (Chemical Mechanical Polishing) step is
used to planarize the surface and a copper (Cu) wiring is
formed as a first wiring 3.

Next, as shown in FIG. 7C, a second cap insulating film 62
and a third interlayer insulating film 53 are formed on the
surface. In this embodiment, a silicon nitride film (SiN,) is
used as the second cap insulating film 62 and a silicon oxide
film (Si0,) is used as the third interlayer insulating film 53.
Each of the films is deposited by plasma CVD (Chemical
Vapor Deposition).

Then, as shown in FIG. 7D, a PR step and a dry etching step
are employed to provide ahole (opening portion) 9 in the third
interlayer insulating film 53 and the second cap insulating
film 62. From the hole, the surface of the first wiring 3 (Cu
wiring) is exposed. This means that copper (Cu) of the first
wiring 3 is exposed.

Next, as shown in FIG. 7E, a predetermined thickness of
ruthenium (Ru) is formed on the copper (Cu) exposed portion
of the hole 9 by selective CVD. This means that ruthenium
(Ru) is selectively grown on the bottom portion of the hole 9
while being brought into contact with the first wiring 3.
Described specifically, it can be formed, for example, by
thermal CVD (example: CO gas as a process gas) using an
organic metal compound of ruthenium (example: Ru;(CO)
12)- This ruthenium (Ru) becomes the lower electrode 13.
This lower electrode 13 is present only on the bottom portion
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of'the hole 9 and the end portion of it is brought into contact
with the inner side wall of the hole 9.

When another metal, for example, at least one metal
selected from the group consisting of tungsten (W), cobalt
(Co), platinum (Pt), gold (Au), rhodium (Rh), iridium (Ir),
and palladium (Pd) is used as the lower electrode 13, it can
also be formed by thermal CVD using an organic metal com-
pound containing the metal.

When an aluminum (Al) wiring (or a titanium nitride
(TiN)/aluminum (Al) stacked wiring) or silicon (Si) substrate
(example: source/drain) is used as the first wiring 3 and any
one of tungsten (W), tantalum (Ta), and titanium (Ti) is used
as the lower electrode 13, for example, the following method
can be used. Described specifically, the lower electrode 13 is
formed by thermal CVD using, as raw material gases, tung-
sten hexafluoride, tantalum pentafluoride, and titanium tetra-
chloride, respectively.

Then, as shown in FIG. 7F, a film for a resistance change
layer 12, a film for an upper electrode 11, and a film for a
buried layer 18 are formed so as to cover therewith the surface
of'the third interlayer insulating film 53, the inner side wall of
the hole 9, and the surface of the to electrode 13. In the present
embodiment, a nickel oxide film (NiP) is used as the film for
a resistance change layer 12; a titanium nitride (TiN) film is
used as the film for an upper electrode 13; and tungsten (W)
is used as the film for a buried layer 18. These films are formed
by sputtering. The material of the buried layer 18 may be the
same as that of the upper electrode 11 or alternatively, the
buried layer 18 may be omitted by forming a thick film for the
upper electrode 11.

Then, as shown in FIG. 7G, the surface is planarized by a
CMP step. As a result, the resistance change element 1 is
entirely buried in the hole 9 (opening portion). At this time,
the lower electrode 13 is formed only on the bottom portion of
the hole 9. The resistance change layer 12 is formed on the
lower electrode 13 and on the side wall of the hole 9. The end
portion of the resistance change layer reaches the upper por-
tion of the hole 9. The upper electrode 11 is formed so as to
cover the inner surface of the resistance change layer 12. The
end portion of the upper electrode reaches the upper portion
of the hole 9.

Next, as shown in FIG. 7H, a third cap insulating film 63
and a fourth interlayer insulating film 54 are formed on the
surface. In the present embodiment, a silicon nitride film
(SiN,) is used as the third cap insulating film 6 and a silicon
oxide film (Si0,) is used as the fourth interlayer insulating
film 54. These films are deposited by plasma CVD.

Next, as shown in FIG. 71, a PR step and a dry etching step
are used to form a trench in the fourth interlayer insulating
film 54 and the third cap insulating film 63. From this trench,
the upper electrode 11 and the buried layer 18 are exposed.
Further, a film for a barrier metal layer 38 and a film for a
second metal wiring 37 are formed. In the present embodi-
ment, a tantalum nitride film (TaN) is used as the film for a
barrier metal layer 38 and copper (Cu) is used as the film for
a second metal wiring 37. The tantalum nitride film (TaN) is
deposited by sputtering. Copper (Cu) is deposited using sput-
tering or plating. Then, a CMP step is conducted to planarize
the surface and a copper (Cu) wiring is formed as a second
wiring 6.

By the above steps, a resistance change nonvolatile
memory device 90 according to the first embodiment of the
invention is manufactured.

In the present embodiment, the effective area of the resis-
tance change layer 12 is only the bottom portion (except the
peripheral portion) of the hole 9 facing the lower electrode 13.
The end portion of the resistance change layer 12 extends to
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the upper end portion of the hole 9 and is therefore distant
from the bottom portion of the hole 9. Variations in the char-
acteristics of the resistance change element 1 due to damage
at the end portion of the resistance change layer 12 can there-
fore be reduced. In addition, since the capacitance of the
resistance change element 1 depends on the diameter of the
hole 9, the diameter of the hole 9 is reduced to decrease the
parasitic capacitance. This enables high-speed operation of
the resistance change memory. Further, in the present
embodiment, a related-art MIM structure+via structure is not
employed, but the resistance change element 1 is buried in the
hole 9 corresponding to a via hole so that a problem due to the
height of the MIM structure upon scaling can be avoided.
Moreover, the resistance change nonvolatile element can be
mounted along with a logic LSI (which will be described
later) by adding only one PR step, which contributes to a
reduction in the manufacturing cost.

(Second Embodiment) The configuration of the resistance
change nonvolatile memory device according to a second
embodiment of the invention will next be described referring
to accompanying drawings. The second embodiment relates
to a semiconductor device having both the resistance change
nonvolatile memory device 90 according to the first embodi-
mentused as a 1T1R (1 transistor 1 resistor) resistance change
memory (ReRAM) and a logic LSI (large-scale integration)
91. This device will next be described in detail.

FIG. 8 is a plan view showing the configuration of the
semiconductor device according to the second embodiment
of'the invention. This plan view however shows only a region
of'the resistance change nonvolatile memory device 90 (1T1R
type resistance change memory) in the semiconductor device.
The resistance change nonvolatile memory device 90 is
equipped with a plurality of word lines (or gates) 22, a plu-
rality of bit lines (or second wirings) 6, a plurality of common
lines 3, and a plurality of memory cells MC. The word lines
(gates) 22 extend in the direction Y. The bit lines (or second
wirings) 6 extend in the direction X. The common lines 8
extend in the direction Y. The memory cells MC are provided,
in a matrix form, at positions corresponding to intersections
between the word lines 22 and the bit lines 6.

FIG. 9A is a cross-sectional view showing the configura-
tion of the region of the resistance change nonvolatile
memory device in the semiconductor device according to the
second embodiment of the invention. It shows the configura-
tion of the b-b' cross-section in FIG. 8, which corresponds to
the configuration of one memory cell MC. The memory cell
MC of the resistance change nonvolatile memory device 90 is
equipped with a control transistor 2 and a resistance change
element 1. In a region surrounded with an element isolation
region 71, the control transistor 2 is formed on a semiconduc-
tor substrate 70. The control transistor 2 is equipped with a
gate insulating film 23, a gate 22 (word line), a drain 21, a
source 24, and a sidewall 25. Contacts 4 are coupled to the
drain 21 and the source 24, respectively. The control transistor
2 and the contacts 4 are covered with a first interlayer insu-
lating film 51 and a first cap insulating film 61. The contact 4
on the side of the drain 21 is coupled to a first wiring 3 made
of'a barrier metal layer 32 and a first metal wiring 31. The first
wiring 3 is covered, on the side surface and upper surface
thereof, with a second interlayer insulating film 52 and a
second cap insulating film 62. The resistance change element
1 of the resistance change memory is coupled to the first
wiring 3 via an opening portion of the second cap insulating
film 62. The resistance change element 1 has an MIM struc-
ture (Metal/Insulator/Metal) having a lower electrode 13 to be
coupled to the first wiring 3, a resistance change layer 12 on
the lower electrode 13, and an upper electrode 11 on the
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resistance change layer 12. The upper electrode 11 may have,
inside thereof, a buried layer 18. The upper electrode 11 (and
the buried layer 18) is coupled to a second wiring 6 (bit line)
made of a barrier metal layer 38 and a second metal wiring 37.
The contact on the side of the source 24 is coupled to the
common line 8 via an opening portion of the first cap insu-
lating film 61. The resistance change element 1 is covered, on
the side surface thereof, a third interlayer insulating film 53
and a third cap insulating film 63. The second wiring 6 is
provided on the third interlayer insulating film 53. The second
wiring 6 is covered, on the side surface thereof, with a fourth
interlayer insulating film 54. In the present embodiment, as
shown in FIG. 9A, the resistance change element 1 is formed
in the hole 9 provided between wiring layers (here, between
the wiring layer of the first wiring 3 and the wiring layer of the
second wiring 6). The resistance change element 1 has an
MIM capacitor structure isolated from the resistance change
element 1 of an adjacent memory cell MC.

On the other hand, the following is the region of a logic L.SI
91 in the semiconductor device. FIG. 9B is a cross-sectional
view showing the configuration of the region of the logic LSI
region in the semiconductor device according to the second
embodiment of the invention. In this drawing, a region of the
logic L.SI 91 including one transistor is shown. In the region
surrounded with an element isolation region 714, a control
transistor 2a is formed on the semiconductor substrate 70.
The control transistor 2a is equipped with a gate insulating
film 23a, a gate 22a, a drain 21a, a source 24a, and a sidewall
25a. Contacts 4a are coupled to the drain 21a and the source
24a, respectively. The control transistor 2a and the contacts
4a are covered with the first interlayer insulating film 51 and
the first cap insulating film 61. The contact 4a on the side of
the drain 21a is coupled to a first wiring 3a composed of a
barrier metal layer 32a and a first metal wiring 31a via an
opening portion of the first cap insulating film 61. The first
wiring 3a is covered, on the side surface and the upper surface
thereof, with the second interlayer insulating film 52 and the
second cap insulating film 62. The first wiring 3a is coupled
to a via 5a composed of a barrier metal layer 354 and a via
metal 34a through an opening portion of the second cap
insulating film 62. The via 5a is covered, on the side surface
thereof, with the third interlayer insulating film 53 and the
third cap insulating film 63. The via 5a is coupled to a second
wiring 6a composed of a barrier metal layer 382 and a second
metal wiring 37a via an opening portion of the third cap
insulating film 63. The second wiring 6a is provided on the
third cap insulating film 63. The second wiring 6a is covered,
on the side surface thereof, with a fourth interlayer insulating
film 54. The contact coupled to the source 24a is similar to it.
As shown in FIG. 9A and FIG. 9B, the surface region of the
substrate 70 and the role of each layer are not different
between the region of the resistance change memory and the
region of the logic LSI.

In the case of FIG. 9A, the resistance change element 1 is
formed between the wiring layer (first-level wiring layer)
having therein the first wiring 3 and the wiring layer (second-
level wiring layer) having therein the second wiring 6.
Instead, the resistance change element 1 may be formed
between other two wiring layers adjacent to each other. Or,
the resistance change element 1 may be formed between two
wiring layers not adjacent to each other (example: between
the first-level wiring layer and the third-level wiring layer).

Theresistance change element 1 may be formed in the contact
4.
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Other configurations and functions of the first wiring 3, the
resistance change element 1, and the second wiring 6 in the
present embodiment are similar to those of the first embodi-
ment.

In the present embodiment, the resistance change element
is buried in the hole 9 corresponding to the via hole in the
logic LSI region. In addition, the uppermost position of the
upper electrode 11 is equal to the position of the lower surface
of'the second wiring 6 so that a new via for coupling the upper
electrode 11 and the second wiring 6 is not necessary. More-
over, by using the resistance change memory of the present
embodiment as shown in FIG. 9A, a problem due to the height
of the MIM structure in scaling can be avoided. In addition,
the structure of the resistance change memory of the present
embodiment does not affect the structure of the region of the
logic LSI. Therefore, it is effective for mounting with a logic
device.

Further, as shown in FIG. 6 of the first embodiment, a
region interposed between the lower electrode 13 and the
upper electrode 11 becomes an effective region A in the
resistance change layer 12. The upper electrode 11 and the
lower electrode 13 overlap only partially so that compared
with the related-art structure, the capacitance of the resistance
change element 1 can be decreased. This results in a decrease
in a parasitic capacitance of a bit line (second wiring 6) and
speed-up of write/read operation.

The boundary of the effective region A does not reach the
side wall of the hole 9, the end portion of the lower electrode
13, or the end portion of the upper electrode 11. A current path
therefore appears only in a region at the bottom portion of the
hole 9 except the periphery. The current path is therefore not
affected by the side wall of the hole 9, the end portion of the
lower electrode 13, or the end portion of the upper electrode
11. In other words, an incomplete current path is not formed
at the damaged end portion 17 of the resistance change layer
12. As a result, the resistance change memory has reduced
variations and improved reliability.

A method of operating the resistance change nonvolatile
memory device of the semiconductor device according to the
second embodiment of the invention is similar to that of the
first embodiment.

Next, a method of manufacturing the semiconductor
device according to the second embodiment of the invention
will be described. FIGS. 10A and 10B to FIGS. 15A and 15B
are cross-sectional views showing the method of manufactur-
ing the semiconductor device according to the second
embodiment of the invention, in which FIG. nA (n represents
an integer from 10 to 15) is a region of the resistance change
nonvolatile memory device 90 (which may also be called
“memory portion” hereinafter) and FIG. nB is a region of the
logic L.ST 91 (which may also be called “logic portion” here-
inafter).

First, in the memory portion and the logic portion as shown
in FIG. 10A and FIG. 10B, element isolation layers 71 and
71a, gates 22 and 22q, gate insulating films 23 and 23a,
sources 24 and 24a, drains 21 and 21a, and side walls 25 and
25a are formed on a semiconductor substrate 70 by using a
typical MOSFET step. In this embodiment, p-silicon (Si) is
used as the semiconductor substrate 70, a silicon oxide film
(8i0,) is used as the gate insulating films 23 and 23a, a
polysilicon film (poly-Si) is used as the gates 22 and 22a, n+
icon (n+Si) is used the sources 24 and 24qa and the drains 21
and 21a, and a silicon nitride film (SiN,) is used as the side
walls 25 and 25a.

Next, as shown in FIG. 11A and FIG. 11B, in the memory
portion and the logic portion, a film for a first interlayer
insulating film 51 is deposited on the entire surface, followed
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by planarization by using a CMP step to form the first inter-
layer insulating film 51. In the present embodiment, a silicon
oxide film (SiOx) is used as the first interlayer insulating film
53 and it is deposited using plasma CVD. Then, a PR step and
a dry etching step are conducted to provide opening portions
in the first interlayer insulating film 51. Contacts 4 and 4a
buried in the openings are coupled to the sources 24 and 24a
and the drains 21 and 21a, respectively. These contacts 4 and
4a are formed by sputtering while using tungsten (W).

Next, as shown in FIG. 12A and FIG. 12B, in the memory
portion and the logic portion, a first cap insulating film 61 and
a second interlayer insulating film 52 are deposited on the
entire surface. In the present embodiment, a silicon nitride
film (SiN) is used as the first cap insulating film 61 and a
silicon oxide film (SiO,) is used as the second interlayer
insulating film 52. Then, a PR step and a dry etching step are
conducted to form a trench in the second interlayer insulating
film 52 and the first cap insulating film 61. Then, a film for
barrier metal layers 32 and 32a and a film for first metal
wirings 31 and 31a are deposited. In the present embodiment,
a tantalum nitride film (TaN) is used as the film for barrier
metal layers 32 and 32a and it is formed by sputtering, while
copper (Cu) is used as the film for first metal wirings 31 and
31a and itis formed by sputtering and plating. Further, a CMP
step is conducted to planarize the surface and a first wiring 3
(32+31) and a first wiring 3a (32a+31a) are formed.

Next, as shown in FIG. 13A and FIG. 13B, in the memory
portion and the logic portion, a second cap insulating film 62
and a third interlayer insulating film 53 are deposited on the
entire surface. In the present embodiment, a silicon nitride
(SiN,) film used as the second cap insulating film 62 and a
silicon oxide film (SiO,) is used as the third interlayer insu-
lating film 53. These films are deposited by plasma CVD.
Further, in the memory portion, a PR step and a dry etching
step are employed to provide a hole 9 (opening portion) only
in predetermined regions of the third interlayer insulating
film 53 and the second cap insulating film 62. From the hole,
copper (Cu) on the surface of the first wiring 3 is exposed.
Furthermore, ruthenium (Ru) is selectively grown on the
exposed portion of copper (Cu) of the hole 9 by CVD. This
ruthenium (Ru) film becomes a lower electrode 13. Next, a
film for resistance change layer 12, a film for upper electrode
11, and a film for buried layer 18 are deposited on the entire
surface. In the present embodiment, a film stack of TiO, and
Ta,Os is used as the film for resistance change layer 12; a
titanium nitride film (TiN) is used as the film for upper elec-
trode 11; and tungsten (W) is used as the film for buried layer
18. The film for buried layer 18 may be made of the same
material as that of the film for upper electrode 11. Alterna-
tively, the buried layer may be omitted. Next, the surface is
planarized using CMP, by which a configuration of the hole 9
filled with a resistance change element 1 (the lower electrode
13, theresistance change layer 12, and the upper electrode 11)
is formed in the memory portion.

Next, as shown in FIG. 14A and FIG. 14B, in the memory
portion and the logic portion, a third cap insulating film 63
and a fourth interlayer insulating film 54 are deposited on the
entire surface. In the present embodiment, a silicon nitride
film (SiNx) is used as the third cap insulating film 63 and a
silicon oxide film (SiOx) is used as the fourth interlayer
insulating film 54. They are deposited using plasma CVD.

Next, as shown in FIG. 15A and FIG. 15B, a PR step and a
dry etching step are conducted to form a trench in the fourth
interlayer insulating film 54 and the third cap insulating film
63 in the memory portion and in the logic portion, a trench in
the fourth interlayer insulating film 54 and a via hole in the
third cap insulating film 63, the third interlayer insulating film
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53, and the second cap insulating film 62. As a result, the
upper electrode 11 (and buried layer 18) is exposed in the
memory portion, while the first wiring 3a is exposed in the
logic portion. Then, a film for barrier metal layers 38, 35a,
and 38a and a film for viametal 34a and second metal wirings
37 and 37a are deposited. In the present embodiment, a tan-
talum nitride film (TaN) is used as the film for barrier metal
layers 38, 354, and 38a and it is formed using sputtering,
while copper (Cu) is used as a film for via metal 34a and
second metal wirings 37 and 374 and it is formed using
sputtering and plating. Then, the surface is planarized by a
CMP step to form a second wiring 6 (38+37), a via 5a (34a+
35a), and a second wiring 6a (38a+37a).

In such a manner, the semiconductor device according to
the second embodiment of the invention is manufactured.

The present embodiment can also produce advantages
similar to those produced by the first embodiment. In addi-
tion, since the resistance change nonvolatile memory device
of the present embodiment can be mounted in logic LSI by
adding only one PR step, making it possible to drastically
decrease a manufacturing cost. Moreover, this resistance
change nonvolatile memory device can be mounted without
changing the device parameter of the logic LSI.

(Third Embodiment) The configuration of a resistance
change nonvolatile memory device according to the third
embodiment of the invention will next be described referring
to accompanying drawings. The third embodiment is differ-
ent from the first embodiment in that a lower electrode 134 of
a resistance change element 1a is formed not only on the
bottom portion of the hole 9 but it extends from the bottom
portion to a position midway of the side wall. The third
embodiment will next be described in detail.

FIG.16is a cross-sectional view showing the configuration
of the major portion of the resistance change nonvolatile
memory device according to the third embodiment of the
invention. The resistance change nonvolatile memory device
90a is equipped with a substrate 70a, a first cap insulating film
61, a first wiring, a second interlayer insulating film 52, a
second cap insulating film 62, a resistance change element 14,
athird interlayer insulating film 53, a third cap insulating film
63, a second wiring 6, and a fourth interlayer insulating film
54.

The resistance change element 1a stores data according to
a change in resistance. It is provided in a hole 9 formed
between the first wiring 3 and the second wiring 6. The
resistance change element 1a is equipped with a lower elec-
trode 13a, a resistance change layer 124, and an upper elec-
trode 11a.

The lower electrode 134 is formed on the bottom portion of
the hole 9 and in addition, extends midway of the side wall.
The end portion of the lower electrode however exists on the
position midway of the side wall of the hole 9 and does not
reach the upper portion of the hole 9. The lower electrode 13a
is made of a metal conductor. The lower electrode 134 is
formed by not selective growth but a typical film formation
process. The formation process of it will be described later.

The resistance change layer 12a is formed on the lower
electrode 13a and on the side wall of the hole 9. The end
portion of it reaches the upper portion of the hole 9. The end
portion is preferably in contact with the bottom surface of the
second wiring 6. If so, the end portion of the resistance change
layer 124 can be separated clearly from the end portion of the
lower electrode 13a. As a result, the resistance change ele-
ment 1a becomes free from the influence of the end portion of
the resistance change layer 124. The resistance change layer
12a¢ may contain an oxide using a metal material different
from that used for the lower electrode 13a4.
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The upper electrode 11a is formed so as to cover the inner
surface of the resistance change layer 12a. The end portion of
the upper electrode reaches the upper portion of the hole 9.
The end portion is preferably in contact with the bottom
surface of the second wiring 6, because if so, it is not neces-
sary to additionally form a via or contact for coupling the
resistance change element 1a and the second wiring 6. The
upper electrode 11a is made of a metal conductor. The upper
electrode 11a may have a buried layer (metal) 18 for filling a
region inside thereof.

Other features of the resistance change element 1a and
other configurations of the resistance change nonvolatile
memory device are similar to those of the first embodiment.

This embodiment can also produce advantages similar to
those described in the first embodiment.

A method of operating the resistance change nonvolatile
memory device according to the third embodiment of the
invention is similar to that of the first embodiment.

Next, a method of manufacturing the resistance change
nonvolatile memory device according to the third embodi-
ment of the invention will be described. FIG. 17A to FIG. 17F
are cross-sectional views showing the method of manufactur-
ing the resistance change nonvolatile memory device accord-
ing to the third embodiment of the invention.

First, the steps shown in FIG. 7A and FIG. 7B of the first
embodiment are conducted. Next, as shown in FIG. 17A, a
second cap insulating film 62, a third interlayer insulating
film 53, and a third cap insulating film 63 are formed on the
surface. In the present embodiment, a silicon nitride film
(SiN,) is used as the second cap insulating film 62 and the
third cap insulating film 63 and a silicon oxide film (SiO,) is
used as the third interlayer insulating film 53. These films are
deposited using plasma CVD.

Next, as shown in FIG. 17B, a PR step and a dry etching are
conducted to provide a hole (opening portion) 9 in the third
cap insulating film 63, the third interlayer insulating film 53,
and the second cap insulating film 62, by which the surface of
the first wiring 3 is exposed. This means that copper (Cu) of
the first wiring 3 is exposed.

Then, as shown in FIG. 17C, a film for a lower electrode
134 is formed on the entire surface. In the present embodi-
ment, ruthenium (Ru) is used as the film for lower electrode
13a. The ruthenium (Ru) is formed by sputtering. As a result,
the film for lower electrode 13a covers the surface of the third
cap insulating film 63 and the surface (including the bottom
portion of the hole 9) inside the hole 9. A resist 42 is then
applied onto the entire surface and ashed under predeter-
mined conditions. The resist 42 covers the film for lower
electrode 13a only on the bottom portion of the hole 9 and a
portion midway of the side wall.

Next, as shown in FIG. 17D, the film for lower electrode
13a is etched back. The resist 42 is then removed by ashing.
As aresult, the lower electrode 13a is formed continuously on
the bottom portion of the hole 9 and from the bottom portion
to a position midway of the side wall.

Then, as shown in FIG. 17E, a film for resistance change
layer 12a, a film for upper electrode 11a, and a film for buried
layer 18 are formed so as to cover therewith the surface of the
third stopper insulating film 63, the upper side wall inside the
hole 9, and the surface of the lower electrode 13a. In the
present embodiment, a nickel oxide film (NiO) is used as the
film for resistance change layer 124, a titanium nitride film
(TiN) is used as the film for upper electrode 13a, and tungsten
(W) is used as the film for buried layer 18. These films are
formed by sputtering. Incidentally, the buried layer 18 may be
made of the same material as that of the upper electrode 11a.
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Alternatively, by forming a thick film for the upper electrode
11a or the like, the buried layer 18 may be omitted.

Next, as shown in FIG. 17F, the surface is planarized by a
CMP step. As a result, the resistance change element 1a is
entirely buried in the hole 9 (opening portion). At this time,
the lower electrode 13a is formed continuously on the bottom
portion of the hole 9 and from the bottom portion to a position
midway of the side wall. The end portion of the lower elec-
trode however is on the side wall of the hole 9 and does riot
reach the upper portion thereof. The resistance change layer
124 is formed on the lower electrode 13a and on the side wall
of'the hole 9. The end portion of it reaches the upper portion
of'the hole 9. The upper electrode 114 is formed so as to cover
the inner surface of the resistance change layer 124. The end
portion of the upper electrode reaches the upper portion of the
hole 9.

Then, the steps of FIG. 7H (except the formation of the
third stopper insulating film 63) and FIG. 7I in the first
embodiment are conducted.

By using the method described above, the resistance
change nonvolatile memory device according to the third
embodiment of the invention is manufactured.

Materials used for the lower electrode 13a, the resistance
change layer 12a, and the upper electrode 11a are similar to
those used in the first embodiment.

The present embodiment can produce advantages similar
to those of the first embodiment. In addition, not selective
CVD growth but a typical film formation process can be
employed. Using it leads to a reduction in manufacturing cost.
In addition, the device of the present embodiment can also be
applied to the semiconductor device as described in the sec-
ond embodiment.

The invention is not limited to the above-described
embodiments. Each of the above-described embodiments can
be modified or changed as needed without departing from the
scope of the technical concept of the invention.

What is claimed is:

1. A resistance change nonvolatile memory device, com-
prising:

a first wiring;

an interlayer insulating layer formed over the first wiring;

and

asecond wiring formed over the interlayer insulating layer,

wherein the interlayer insulating layer is interposed

between the first wiring and the second wiring and

includes ahole having a width not greater than a width of

the first wiring,
wherein the resistance change nonvolatile memory device
further comprises:
a lower electrode formed at a bottom portion of the hole
and contacting the first wiring;
a resistance change layer formed over the lower elec-
trode; and
an upper electrode formed over the resistance change
layer,
wherein the lower electrode, the resistance change layer,
and the upper electrode are formed inside the hole,
wherein the first wiring includes copper, while the lower
electrode includes at least one metal selected from the
group constituting of ruthenium, tungsten, cobalt, plati-
num, gold, rhodium, iridium, and palladium,
wherein the resistance change layer comprises:
a first portion formed on a top surface of the lower
electrode, and
a second portion formed on a side wall of the hole, and
wherein a lower surface of the upper electrode is formed on
a top surface of the first portion, and
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wherein a distance between a top edge of the second por-
tion and the lower electrode is greater than a distance
between the lower surface of the upper electrode and the
lower electrode.

2. The resistance change nonvolatile memory device
according to claim 1, wherein the copper has an orientation
along a (111) plane, while the lower electrode contains ruthe-
nium and the ruthenium has an orientation along a (002)
plane.

3. The resistance change nonvolatile memory device
according to claim 1, wherein the lower electrode further
extends from a bottom portion to a midway point of a side
wall.

4. The resistance change nonvolatile memory device
according to claim 1, wherein the resistance change layer
includes an oxide using a material different from a material
used for the lower electrode.

5. A semiconductor device comprising:

a plurality of resistance change nonvolatile memory
devices, the resistance change nonvolatile memory
devices each comprising a device as claimed in claim 1;
and

a logic circuit using the resistance change nonvolatile
memory devices.

6. A resistance change nonvolatile memory device, com-

prising:

a first wiring;

an interlayer insulating layer formed over the first wiring;
and

a second wiring formed over the interlayer insulating layer,

wherein the interlayer insulating layer is interposed
between the first wiring and the second wiring and has a
hole having a width not greater than a width of the first
wiring,

wherein the resistance change nonvolatile memory device
further comprises:

a lower electrode formed at a bottom portion of the hole
while being brought into contact with the first wiring;

a resistance change layer formed over the lower elec-
trode; and

an upper electrode formed over the resistance change
layer, and

wherein the lower electrode, the resistance change layer,
and the upper electrode are formed inside the hole,

wherein the resistance change layer comprises:

a first portion formed on the top surface of the lower
electrode, and
a second portion formed on the side wall of the hole,
wherein a lower surface of the upper electrode is formed on
a top surface of the first portion,

wherein a distance between a top edge of the second por-
tion and the lower electrode is greater than a distance
between lower surface of the upper electrode and the
lower electrode, and

wherein a top edge of the second portion and a top edge of
the upper electrode are brought into contact with a bot-
tom surface of the second wiring.

7. The resistance change nonvolatile memory device
according to claim 6, wherein the first wiring includes copper
and the lower electrode includes at least a metal selected from
the group consisting of ruthenium, tungsten, cobalt, platinum,
gold, rhodium, iridium, and palladium.

8. The resistance change nonvolatile memory device
according to claim 7, wherein the copper has an orientation
along a (111) plane, while the lower electrode contains ruthe-
nium and the ruthenium has an orientation along a (002)
plane.
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9. The resistance change nonvolatile memory device
according to claim 6, wherein the first wiring includes alumi-
num and the lower electrode contains at least one metal
selected from the group consisting of tungsten, tantalum, and
titanium.

10. The resistance change nonvolatile memory device
according to claim 6, wherein the first wiring includes silicon
and the lower electrode contains at least one metal selected
from the group consisting of tungsten, tantalum, and titanium.

11. A method of manufacturing a resistance change non-
volatile memory device, said method comprising:

forming, in an interlayer insulating layer formed over a first

wiring, a hole having a width not greater than a width of
the first wiring;

forming a resistance change element inside the hole; and

forming a second wiring over the resistance change ele-
ment so as to bring the second wiring into contact with
the resistance change clement,

wherein said forming said resistance change element com-

prises :

forming a lower electrode at a bottom portion of the hole
while bringing the lower electrode into contact with
the first wiring;

forming a first film for a resistance change layer over the
lower electrode;

forming a second film for an upper electrode over the
first film; and

removing the first film and the second film over the
interlayer insulating layer and forming the resistance
change layer on the lower electrode and the upper
electrode on the resistance change layer in the hole,

wherein the first wiring includes copper and the lower

electrode includes at least one metal selected from the

group consisting of ruthenium, tungsten, cobalt, plati-

num, gold, rhodium, iridium, and palladium,

wherein said forming the resistance change layer com-

prises:
forming a first portion on the top surface of the lower
electrode, and
forming a second portion on the side wall of the hole,
wherein a lower surface of the upper electrode is formed on
a top surface of the first portion, and
wherein a distance between a top edge of the second por-
tion and the lower electrode is greater than a distance
between the lower surface of the upper electrode and the
lower electrode.

12. The method of manufacturing a resistance change non-
volatile memory device according to claim 11, wherein the
copper has an orientation along a (111) plane, while the lower
electrode contains ruthenium and the ruthenium has an ori-
entation along a (002) plane.

13. The method of manufacturing a resistance change non-
volatile memory device according to claim 11, wherein the
resistance change layer includes an oxide using a material
different from a material used for the lower electrode.

14. A method of manufacturing a resistance change non-
volatile memory device, said method comprising:

forming, in an interlayer insulating layer formed over a first

wiring, a hole having a width not greater than a width of
the first wiring;

forming a resistance change element inside the hole; and

forming a second wiring over the resistance change ele-

ment so as to bring the second wiring into contact with
the resistance change clement,
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wherein the forming the resistance change element com-

prises:

forming a lower electrode at a bottom portion of the hole
while bringing the lower electrode into contact with
the first wiring;

forming a first film for a resistance change layer over the
lower electrode;

forming a second film for an upper electrode over the
first film; and

removing the first film and the second film over the
interlayer insulating layer,

wherein said forming the resistance change layer com-

prises:
forming a first portion on a top surface of the lower
electrode, and
forming a second portion on a side wall of the hole,
wherein a lower surface of the upper electrode is formed on
a top surface of the first portion,
wherein a distance between a top edge of the second por-
tion and the lower electrode is greater than a distance
between the lower surface of the upper electrode and the
lower electrode, and
wherein the top edge of the second portion and a top edge
of the upper electrode are brought into contact with the
bottom surface of the second wiring.

15. The method of manufacturing a resistance change non-
volatile memory device according to claim 14, wherein the
forming a lower electrode comprises, inside the hole, causing
a selective growth of'the lower electrode over the first wiring.

16. The method of manufacturing a resistance change non-
volatile memory device according to claim 15, wherein the
first wiring includes copper and the lower electrode includes
at least one metal selected from the group consisting of ruthe-
nium, tungsten, cobalt, platinum, gold, rhodium, iridium, and
palladium.

17. The method of manufacturing a resistance change non-
volatile memory device according to claim 16, wherein the
copper has an orientation along a (111) plane, while the lower
electrode includes ruthenium and the ruthenium has an ori-
entation along a (002) plane.

18. The method of manufacturing a resistance change non-
volatile memory device according to claim 15, wherein the
first wiring includes aluminum and the lower electrode
includes at least one metal selected from the group consisting
of tungsten, tantalum, and titanium.

19. The method of manufacturing a resistance change non-
volatile memory device according to claim 15, wherein the
first wiring includes silicon and the lower electrode includes
at least one metal selected from the group consisting of tung-
sten, tantalum, and titanium.

20. The method of manufacturing a resistance change non-
volatile memory device according to claim 14, wherein form-
ing a lower electrode comprises:

forming a third film for a lower electrode so as to cover a

surface of the interlayer insulating layer and an inner
surface of the hole;

forming a protective film so as to cover the third film at the

bottom portion of the hole and midway of a side wall;
removing a portion of the third film other than a portion
covered with the protective film; and

removing the protective film.
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